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Radionuclide Concentrations in Soils at
Low-Level Radioactive Waste Disposal Area G
During the 2000 Growing Season

J.W. Nyhan, P.R. Fresquez, R. Velasquez, and E.A. Lopez

ABSTRACT

Soil samples were collected at 18 locations within and around
Area G, a disposal facility for low-level radioactive solid waste at Los
Alamos National Laboratory (LANL). The samples were analyzed for
3H, 238Pu, 239’240Pu, 90Sr, 241Am, 13'7Cs, and “'U, and 12 of the soil
samples were analyzed for gross alpha, beta, and gamma
radioactivity. Tritium, 238Pu, 23'9’240Pu, and **'Am concentrations in
soils at most sampling locations in and around Area G were above the
upper 95% level of background concentrations; all, however, were
less than LANL screening action levels.

1. INTRODUCTION

Solid radioactive wastes have
been disposed of by burial at Los
Alamos National Laboratory (LANL)
since the early 1940s (Purtymun et al.,
1980). Area G is a 25.5-hectare (63-
acre) low-level radioactive waste
processing and disposal area located on
the east end of Mesa del Buey at
Technical Area (TA) 54 (Figure 1).
Area G was established in 1957 and is
the Laboratory's primary radioactive

solid waste burial and storage site

(Soholt, 1990). Wastes for disposal
include contaminated equipment, paper,
plastics, clothing, building materials,
soils, and process wastes and are placed
in either pits, trenches, or shafts and then
covered with fill material (Hansen et al.,
1980). Tritium, ‘U, #**Pu, %****°Pu, and
a variety of fission and activation
products are the main isotopes in waste
materials deposited at Area G (U.S.
DOE, 1979).

As part of the Environmental

Surveillance Program (ESP) at LANL,
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Figure 1. The location of Area G at Los Alamos National Laboratory.



samples of air (LANL, 2001), water
(Mullen et al., 1996), soils/sediments
(Fresquez et al., 1996, 1997a, 1998a,
1999; Jacobson, 1992; Nyhan et al,
2000), vegetation (Fresquez et al., 1995,
1996, 1997b, 1998b, 1999; Nyhan et al.,
2000), small mammals (Biggs et al.,
1995, 1997; Bennett et al.,, 1996;
Gonzales et al, 2000), and bees
(Fresquez et al. 1997a, Haarmann and
Fresquez, 1998, 1999) are collected
annually from within and around Area G
to monitor and assess the site's impact on
the surrounding environment.
Radionuclides in game animals such as
elk and deer have also been assessed
around Area G (Ferenbaugh et al., 1999).

Two components of the Area G
surveillance program are the assessments
of soil and vegetation within and around
Area G for radiological contamination.
The soil sampling program is the most
direct means of estimating the types,
concentrations, and distributions of
radionuclides in the environment within
and around nuclear facilities (Fresquez et
al., 1998a). Soil provides an integrating
medium, or reservoir, that can account
for contaminants released to the

atmosphere, either directly from gaseous

effluents, such as air stack emissions, or
indirectly from the resuspension of on-
site contamination (fugitive dust) (Healy,
1977).  Subsequently, the knowledge
gained from the radiological surveillance
of soil is critical to provide information
about potential exposure by way of
several pathways that include soil
ingestion, consumption of food crops,
resuspension of radionuclides into the
air, and contamination of groundwater.
Exposure to radionuclides by these
pathways may result in radiation doses to
humans (Hakonson et al., 1981). The
uptake of radionuclides by vegetation
may also give some insight into surface
(Hansen et al., 1980) and subsurface
(Wenzel et al, 1987) pathways of
contaminants to humans from waste
disposal areas. Trees, in particular, have
been shown to be excellent indicators of
subterranean °H migration from low-
level radioactive waste disposal sites
(Rickard and Kirby, 1987).

In the late 1970s, the Atomic
Energy Commission issued interim
operational criteria for radioactive waste
areas owned or operated by them and
their contractors (EG&G, 1978, 1981;
Dames and Moore, 1976). As a first



response to the surveillance
requirements listed in these criteria,
personnel from the Environmental
Surveillance Group at Los Alamos
Scientific Laboratory developed an
interim surveillance plan for the site’s
radioactive waste areas (Hansen et al.,
1980) to supplement the Laboratory’s
general  environmental  surveillance
effort. Since a portion of the original
program code for this program had the
designator “A411,” this program became
known as the A411 Program (Conrad et
al., 1995). The first announcement and
monitoring results of this program
appeared in the 1980 and 1982
Environmental Surveillance Reports,

respectively

Surveillance Group, 1981, 1983), and

(Environmental

additional program results have been
reported in the 1990s (Conrad et al.,
1995, 1996; Childs and Conrad, 1997,
1998, 1999).

The A411 Program investigation
focuses principally on the possibility of
contaminated  sediment  movement
through surface-water runoff out of the
perimeter of Area G. Sampling locations

were intentionally selected to Dbest

indicate possible contamination moving

outside the perimeter of Area G; thus,
these sampling locations should be
considered as those locations most
sensitive to  possible contaminant
migration.

The objective of this annual
survey was to measure the
concentrations of selected radionuclides
in surface soils and unwashed overstory
and understory vegetation within and
around Area G during the 2000 growing
season. The surface soil data were also
collected at the A411 Program sampling
locations during 2000. All of these data
were  compared to  radionuclide
concentrations in soils and vegetation
collected from regional background
(RBG) concentrations. The background
areas are located away from LANL, and
radionuclide concentrations result from

naturally occurring elements and/or from

worldwide fallout.

2. METHODS

In July of 2000, the Soils,
Foodstuffs, and Biota Environmental
Contaminant  Surveillance  Program
Team of LANL’s Ecology group (ESH-
20) collected 18 samples of surface soils
at former ESH-20 and A411 Project

sampling locations within and around



Area G at TA-54 (Figure 2). Each of the
latter locations contained an aluminum
stake with a brass tag stamped with a
unique site identification number
identified with a “G* prefix (Conrad et
al., 1995). Table 1 lists all of these
sampling  locations and location
descriptions that are shown on Figure 2.

Due to a lack of funding, no
vegetation samples were collected at our
sampling locations in 2000, as described
previously (Nyhan et al., 2000).

Although most of the soil
samples were collected outside of and
adjacent to the Area G fence, several
samples were also collected inside of
Area G. Sample locations 3, 5, 7a, and
7b are inside the Area G fence. Samples
from locations 1, 2, 3b, 4, 6b, 7c, 8, and
all six of the A411 Project samples were
collected outside the Area G fence.
Location 8 is west of Area G in the
proposed expansion area. Background
samples of soils were collected as part of
the ESP (Fresquez et al., 2001).

Several soil samples were
collected at the eastern end of Area G in
the vicinity of the transuranic (TRU)
waste pads, the site of the Transuranic

Waste Inspectable Storage Project

(TWISP), described in detail at the
following LANL Internet Address:
http://swo.lanl.gov:80/twisp/default.

htm). The TWISP involves retrieving
the TRU and TRU mixed waste

originally stored on above-grade asphalt
pads under earthen cover (TRU Pads 1,
2, and 4). These wastes are temporarily
stored in  fabric  tension-support
structures (TWISP Domes, Figure 3)
constructed on an asphalt surface until
they are transported to burial at the
Waste Isolation Pilot Plant.

Previous A411 Project studies
(Childs and Conrad, 1997, 1998, 1999,
Conrad et al., 1995, 1996) and one ESH-
20 study (Fresquez et al., 1999) have
confused the numbering of the TRU
Pads at Area G. The reason for this is
that they are incorrectly numbered in the
Facility for Information Management,
Analysis, and Display (FIMAD) system
(see Conrad et al., 1995; FIMAD Plot
Number 108583). Proceeding from west
to east, the TRU pads are correctly
numbered 1, 3, 2, and 4 (Figure 2). TRU
Pad 3 was never used to store wastes and
has had a light-brown-colored fabric

tension-support dome over it. Wastes



Table 1. Descriptions of Sampling Locations Shown on Figure 2

Location Description
Number
1 South of tritium shafts immediately outside the Area G fence
2 West of the high-level tritium shafts immediately outside the Area G fence
3 East of Pit 38 (inside the Area G fence)
3b North of Pit 38 outside the Area G fence
4 Outside the Area G fence north of the TRU Waste Pads 2 and 4
5 On top of TRU Waste Pad 2 inside the Area G fence
6b Southeast of TRU Waste Pad 4 outside Area G fence
7a Southeastern portions of Pits 17 and 18 (inside the Area G fence)
7b East end of Pit 7 (inside the Area G fence)
Tc North of Pit 8 outside the Area G fence
8 Proposed expansion area one-half mile west of the entrance gate to Area G and
outside the Area G fence
9 Background locations were near Bandelier National Monument approximately
5 km south of Area G
G-29-03 Southwest of Pit 22 (outside the Area G fence)
G-31-01 Southeast of Disposal Trench C (outside the Area G fence)
G-41-02 East of the eastern end of Pit 2 and TRU Pad 4 (outside the Area G fence)
G-43-01 North of TRU Pad 2 (outside the Area G fence)
G-48-02 North of Pit 10 (outside the Area G fence)
G-58-01 North of western end of Pit 38 near gate (outside the Area G fence)

were first excavated from TRU Pad 1,
which still has a white-colored fabric
tension-support dome over it (Figure 3).
TRU Pad 4 was excavated next and
currently has a crushed tuff flat surface;
thus, location 6 at this pad was removed
after sampling in 1997 and is no longer
available for sampling (Fresquez et al.,
1998b). TRU Pad 2 is currently not
excavated and is the location of ESH-20
sample location 5.

At each of the A411 Project
sampling locations, grab samples of soil

were collected from the top 15 cm (6 in.)

of the soil surface with either a stainless
steel or a disposable polystyrene scoop
or scoopula (LANL, 1995). All of the
other soil samples were collected from
the surface with a stainless steel soil ring
(Figure 4) 10 cm (4 in.) in diameter
driven 5 cm (2 in.) into the soil (ASTM,
1990). Samples were collected from the
center and corners of a square plot of 10
m (33 ft) per side. The five subsamples
were combined and mixed thoroughly in
a three-gallon Ziploc® bag, and a
subsample from the composite was

placed in a 500-mL poly bottle.
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Figure 2. Site/sample locations of soils and vegetation at Area G. (Site 8 is located farther west and Site 9 is
located farther south than what is shown here.)



Figure 3. Aerial photograph of Area G taken in 1999.



All soil samples were submitted
under full chain-of-custody (Appendix
A) to the Inorganic Trace Analysis group
(CST-9) for analysis of °H, **Pu,
239.240py 1370 Oy N8 and 2 Am,
All methods of radiochemical analyses
described  previously
(Fresquez et al, 1996; Childs and
Conrad, 1999).

have  been

Radionuclide results
were reported in pCi mL"' of soil
moisture for *H, pg g dry soil for U,
and pCi g dry soil for all the other

isotopes.

3. RESULTS

Results of radionuclide
concentrations in soils are given in Table
2. The actual CST-9 analytical reports
and chain-of-custody records are
included in Appendix A for reference.
Detectable concentrations of
radionuclides of interest were found in
most  samples. A detectable
concentration was considered to be a
result that was greater than two times the

uncertainty. Measured

counting

Figure 4. Soil sampling technique used at Area G.



Table 2. Mean (+ SD) Radionuclide Concentrations in Soils Collected from Area G in 2000'. Bold Values are Equal to or

Greater than RSRL Values

Sample Radionuclide ‘
Locations | "H (pCimL")* | %o (pCig?) | " Cs (Cig") | **Pu(pCig") | ***“Pu(pCig") | *'Sr (pCig") | “'U(ngg")
1 255.0  (8.40) | 0.012 (0.004) 0.29 (0.05) 0.004 (0.001) 0.027 (0.003) | 0.17 (0.05) 2.53 (0.25)
2 206.0  (7.00) [  0.017 (0.004) 0.74 (0.10) 0.008 (0.002) 0.050 (0.004) [ 0.15(0.05) 2.65(0.27)
3 2.37 (0.60) [ 0.022 (0.006) 0.12 (0.03) 0.006 (0.002) 0.046 (0.004) | 0.08 (0.05) 1.72 (0.17)
3b 1.02 (0.49) [ 0.006 (0.002) 0.29 (0.04) 0.004 (0.001) 0.026 (0.003) [ 0.00 (0.04) 2.67 (0.27)
4 0.68 (0.52) [ 2.03 (0.055) 0.30 (0.04) 0.390 (0.013) 17.6  (0.472) | 0.24(0.05) 2.74 (0.27)
5 506.0 (15.00) |  0.068 (0.010) 0.00 (0.18) 0.012 (0.002) 0.424 (0.017) | 0.02 (0.05) 1.74 (0.17)
6b 0.57 (0.44) 0.256 (0.015) 0.28 (0.04) 0.033 (0.003) 0.947 (0.033) | 0.17 (0.05) 2.64 (0.26)
Ta 147 (1.30) |  0.023 (0.007) 0.07 (0.04) 0.044 (0.004) 0.073 (0.005) [ 0.07 (0.04) 3.11 (0.31)
7b 6.52 (0.87) [ 0.002(0.001) -0.01 (0.05) 0.015 (0.002) 0.055 (0.004) | 0.04 (0.05) 3.06 (0.31)
7c 1.92 (0.57) [ 0.125(0.012) 0.47 (0.06) 0.149 (0.008) 1.12 (0.040) | 0.17(0.05) 2.50 (0.025)
8 0.30 (0.42) [ 0.024 (0.004) 0.03 (0.03) 0.038 (0.003) 0.149 (0.008) | 0.08 (0.06) 3.45 (0.35)
G-29-03 3422.0  (94.00) | 0.006 (0.002) 0.19 (0.04) 0.003 (0.001) 0.013(0.002) | 0.02(0.05) 0.22 (0.02)
G-31-01 276.0  (9.00) | 0.022 (0.004) 0.69 (0.09) 0.006 (0.002) 0.082 (0.006) | 0.43 (0.06) 3.01 (0.30)
G-41-02 0.44 (0.50) [ 0.177 (0.009) 0.45 (0.06) 522 (0.139) 1.00 (0.029) | 0.21(0.05) 3.96 (0.40)
G-43-01 0.65 (0.52) [ 0.079 (0.005) 0.30 (0.04) 0.190 (0.008) 0.295 (0.011) | 0.46 (0.06) 2.86 (0.29)
G-48-02 2.10 (0.58) [ 0.176 (0.012) 0.29 (0.05) 0.134 (0.007) 1.00 (0.035) | 0.20(0.05) 2.61(0.26)
G-58-01 1.02 (0.49) | -0.000 (0.002) 0.07 (0.03) 0.004 (0.001) 0.008 (0.002) [ 0.20(0.06) 1.32 (0.13)
RBG> 0.08 (0.12) 0.007 (0.005) 0.21 (0.17) 0.001 (0.001) 0.010 (0.008) | 0.19(0.11) 2.06 (0.56)
RSRL* 0.60 0.013 0.51 0.008 0.019 0.71 3.30
SAL® 6400.0 39.0 5.30 49.0 44.0 5.7 100.0

'See Table 1 and Fig. 1 for sample location points; samples without a G prefix collected at the 0- to 2-inch depth; samples with a G prefix collected at the 0- to 6-inch depth.

ZConcentration for °H is based on soil moisture: a value of 1900 is equivalent to a value of 260 pCi g™ *H for a soil at a water content of 12%.

SRBG is the mean background concentration for samples from Embudo, Cochiti, and Jemez collected in 2000 (Table 6-1 in Fresquez et al., 2001).
“Regional statistical reference level; this is the upper (95%) level background concentrations (mean + 2 std dev) from 1995-1999 (Table 6-1 in Fresquez et al., 2001).
3Screening action level (ER, 2001).
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- 239,240, 2385, 241
concentrations of ~°“""Pu, “"Pu, " Am,
and °H in soil samples at most sites were
greater than the statistical

reference level (RSRL). The RSRL is

regional

the mean + two standard deviations of
the upper 95% confidence interval of
RBG sample concentrations collected
from 1995 through 1999 (Fresquez et al.,
2001). The data for the RBG
concentrations were collected in 2000

from Embudo, Cochiti,
(Table 6-1 in Fresquez et al., 2001).

and Jemez

More specifically, of the 17 soil
samples collected in and around Area G,
94%, 82%, and 65% of the samples

239,40 3 238
“"Pu, °H, and Pu,

contained
respectively, greater than the RSRL
concentrations of these radionuclides
(Table 2). In addition, 67% of the A411
Project samples and 73% of the other
soil samples contained Am
concentrations greater than the RSRL.
Several sampling locations were
close to one another within the two
project sampling schemes and yielded
similar  radionuclide  concentrations
(Figure 2, Table 2). Near the H shafts,
sample location 1 was close to location
G-31-01, and sample location 2 was

close to sampling location G-29-03.

11

Sample locations 3b and G-58-01 are
near the northwestern corner of Area G.

Sample locations 6b and G-41-02
are both near the corner of Area G that is
either south or east of TRU Pad 4.
Sample locations 4 and G-43-01 are all
directly north of the TRU pads. Sample
locations 7c and G-48-02 are both north
of Pit 8 on the northern extremity of
Area G.

The *H concentrations observed
in the soil samples exhibited substantial
spatial variability (Table 2, Figures 5 and
6): about 75% of the soils analyzed for
H had concentrations that ranged from
0.3 to 3422 pCi mL". Samples in the
proximity of the ’H shafts (locations 1,
2, 7a, G-29-03, and G-31-01 see Figure
2) contained an average *H concentration
of 835 pCi mL". These locations also
contained the largest concentration of *H
observed in the study, 3422 pCi mL™":
less than the screening action level
(SAL) of 6400 pCi mL™". Several other
soil samples containing *H
concentrations greater than the RSRL
occurred in a mosaic pattern around the
northeastern corner of Area G (locations
4, 5, and G-43-01). The latter soil
contained an

samples average “H
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concentration of 169 pCi mL' and a
maximum “H concentration of 506 pCi
mL™.

The s concentrations
observed in the soil samples exhibited
much less spatial variability than tritium
(Figures 7 and 8): the mean B¢
concentration of all of the soil samples
collected was 0.269 pCi g' with a
coefficient of determination (standard
100/mean

deviation multiplied by

concentration) of 83%. Concentrations
of *’Cs found in soils collected at Area
G in 2000 ranged from -0.01 to 0.74 pCi g’
Over 88% of the soil samples analyzed
for '*’Cs had concentrations that were
less than RSRLs, regardless of how and
where the samples were collected (Table
2, Figures 7 and 8). Only the samples
from locations 2 and G-31-01 contained
97Cs concentrations slightly greater than
the RSRL.

Concentrations of U  were
lower than RSRLs for all Area G
locations except for locations 8 and G-
41-02. Uranium concentrations in
Bandelier Tuff range up to 11 pg g’
(Crowe et al., 1978) and could explain
the observed variation in the results.

tot

The range of "'U in the soil samples was

14

0.22 ug g t0 3.96 pg g, concentrations
that do not pose significantly larger
health than

risks background

concentrations to humans or the
environment.

Concentrations of ******Pu found
in soils collected at Area G in 2000
ranged from 0.008 to 17.6 pCi g', whereas
>¥py concentrations ranged from 0.003
to 5.22 pCi g (Table 2). Both of these
ranges in concentrations are larger than
those reported for 1999 (Nyhan et al.,
2000). The concentrations of ****’Py
and **Pu found in soil samples were
usually greater than RSRLs, regardless
of how and where the samples were
collected at Area G. Almost 95% and
65% of the soil samples contained
greater than RSRL concentrations of
239299py and **®Pu, respectively.

Concentrations of *°**Pu and
28py found in soil, as well as their
ratios, are presented in Figures 9 and 10
for the samples with greater than RSRLs
collected outside and inside of Area G,
respectively. Concentrations of these two
isotopes in soils were not significantly
correlated. Thus, although the soil at
contained the

location 4 largest

concentration of 239’240Pu, the soil
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Figure 7. Concentrations of *’Cs in soil samples collected outside of Area G in 2000.
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Figure 8. Concentrations of '*’Cs in soil samples collected inside of Area G in 2000.
concentrations of 0.0 and -0.01 pCi g™', respectively.
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Figure 9. Plutonium concentrations and plutonium isotope ratios in soil samples collected outside of Area G in 2000.
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Figure 10. Plutonium concentrations and plutonium isotope ratios in soil samples collected inside of Area G in 2000.
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from location G-41-02 contained the
largest concentration of ***Pu (Figure 9).
However, the results of a single factor
analysis of variance test of the log-
transformed values showed these two
radionuclides to be

(97%

significantly

correlated confidence level;
’=0.63), as can be observed by
inspection of Figures 9 and 10.

Over 72% of the soil samples
collected (with greater than RSRLs)

contained ratios of the concentrations of

239,240 238

Pu to “"Pu less than ten; for the
remaining 3 samples, this ratio ranged
from 5 to 45 (Figures 9 and 10). The
latter samples usually had enhanced

£ 9’240Pu, rather than

concentrations o
depressed concentrations of ***Pu, that
accounted for their large ratios of the
concentrations of ***°Pu to *®Pu
(Figures 9 and 10).

Perimeter soil samples collected
at the northeastern corner of Area G
(sample locations 4 and 5) and the north-
central section of Area G (locations 7c,
(G-48-02, and 3b) exhibited large ratios
of the concentrations of >*****Pu to ***Pu
(Figures 2, 9, 10). Sampling location 4
contained the highest observed ratio of

the concentrations of ****°Py to ***pu
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(45:1). The locations in the northeastern
corner and the north-central portions of
Area G are near the TRU pads and Pits
8,9, 10, 12, 13, 15, and 16, respectively,
all of which contain waste that was
contaminated with both plutonium
isotopes. The sample collected at
location 7b, inside of Area G, was also
adjacent to a TRU pad and exhibited an
elevated ratio of the concentrations of
239240p,, ¢ 238p,.

Over 71% of the soil samples
analyzed for **'Am had concentrations
that were greater than the RSRL,
regardless of either how or where the
samples were collected (Table 2, Figures
11 and 12). Concentrations of **'Am
found in soils collected at Area G in
2000 ranged from 0.0 to 2.03 pCi g
However, with a sample size of only 17,
*'Am concentrations observed in the
soil samples exhibited about the same
spatial variability as either tritium
(Figures 5 and 6) or plutonium (Figures
9 and 10). This was not found to be the
case for the 52 samples collected in 1999
(Nyhan et al., 2000), and is probably due
to the smaller detection limits associated
with the analytical techniques used for

the 2000 samples compared with the
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Figure 11. Concentrations of **'Am in soil samples collected outside of Area G in 2000. Sample G-58-01 has a value

of 0.0 pCi g™
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gamma spectroscopic analytical
techniques used for the A411 Project
samples in 1999. About 71% of the soils
analyzed for *’Am in 2000 had
concentrations that were less than 0.10
pCig™.

Measurements of gross alpha,
beta, and gamma radioactivity for the
soils collected from Area G in 2000 are

presented in Table 3. The gross alpha

and beta radioactivity measurements for
the soils were uniformly less than the
RSRL, with the exception of the gross
alpha  concentration  observed  at
sampling location 3b. The gross gamma
radioactivity measurements for three of
the soil samples were greater than that
measured for the background sample,
241p 0

12).

reflecting the presence of

(Figures 11 and

Table 3. Gross Alpha, Beta, and Gamma Radioactivity in Soils (Dry Weight)
Collected from Area G in 2000'. Bold Values are Equal to or Greater than

RSRL Values
Sampling Radioactivity (pCi g'l)
Location Gross Alpha Gross Beta Gross Gamma
1 7.65 443 35
2 7.36 5.22 3.7
3 5.66 3.17 39
3b 8.54 542 32
4 7.19 4.83 4.5
5 441 2.65 3.6
6b 6.75 4.63 4.4
7a 7.64 4.66 4.3
7b 7.69 4.73 4.0
7c 8.07 4.64 3.7
8 7.57 4.58 3.0
RBG’ 3.28 2.02 2.6
RSRL’ 8.4 7.2 4.1

'Sample locations listed in Table 1.

2RBG is the mean background concentration for samples from Embudo, Cochiti, and Jemez collected in 2000 (Table 6-

1 in Fresquez et al., 2001).

3Regional statistical reference level; this is the upper (95%) level background concentrations (mean + 2 std dev) from

1995-1999 (Table 6-1 in Fresquez et al., 2001).
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4. CONCLUSIONS

Many of the samples collected
contained concentrations of
radionuclides that were greater than the
RSRLs. However, the concentrations of
all radionuclides in the soils were less
than LANL SALs. The SALs were
developed to keep potential doses to
humans residing on the site to 15 mrem
yr'' or less (ER, 2001). Based on the
results provided in this report, exposure
to Area G soils would result in doses

much less than the 15 mrem yr' limit

from any one radionuclide or from all

23

radionuclides combined.  Therefore,
exposure to radionuclides in Area G
soils pose little risk to animals (deer and
elk) and humans and are considered of

no concern (Ferenbaugh et al., 1999).
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APPENDIX A

CST-9 ANALYTICAL REPORTS OF RADIONUCLIDES IN
SOIL SURFACE SAMPLES AT AREA G IN 2000
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Los Alamos

HATIONAL LABORATORY rows Phil Fresquez / MBET
memorandum Fommz: Anthany Sanchez / K424

GEMISTRY iyt G5/-RINS
symogt:  C=058-0-pf-20-H-3

fww  Oeinber 3, 2000

This is & Case Marrative for the fellowing:
Spbmission [D: 100046158

Analszie: Tritiwm Analysls in Warer

1, Infroduction
Chn Juzly 29, 2000, & st of aall samples were deliversd io the C-9 mdiachemistry section
fioe the requested anatysis.

1T, Analytical Resultv Methodology

The analytical results are presented as indicated by the terms on the Analytical Service
ngre=mzni, Each set of dain will include sample identification information, the snakytical
resubls, and other information as required by the custamer.

The analysis requested |s Tritium in Environmeninl Matrices=-Distllation and Liguid
Scintilistion Counting, The specific proceduse can be found either on line (2

hitp:/est. lanl povidoes, ar it hardeopy foem within the document entitled LA-10300-M, Vol.
I, Bethod AMCI3S, B

HL. Quality Control

The appropriate quality control ssnples were anzlyzed with the submitied samples.

IV, Cownmenty

This case narrative was generated o document the circumstances that were involved with the
development of this date package.

[ verify, to the best of my kmowledge, that the listed results are both complete and technically

Correct.

He? = Date: ro/loc dogiry
Awmih ches
Emnil: psanchezilanl. gov

0Qoo12
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Los Alamos

HATIOMAL LABORATORY

tows FPhil Fresques, MEBRT
memorandum Fronviae Steve Ooldsein, K484
FromFdx  BHF4THRG65-5202
d-ﬁil!‘ﬂl\" ferast [(E15EAMCR
Bt Doiia i oww 251
E-ACH, ME K4
EAL-LTHI, FAX BEE-3533
Lo Ammis. ew Wewco BTEES
This is & Cnse Blarrative for the follawing:
Surbprivsivo 1D £ P06 T 58
Analysis 2 An in Soil Smmepies = Alplen Spectromeiey

L. Introsluerion v
On July 29, 2000, & set of soil samples was defivered 1o the C-ACS mdiochemistry section for
the requested analysis.

1. Anabvtical Resalts/Methudology

The aoalvtical results are pregented = indicaned by the enms on the Analytical Service
Agreament. Each setof duta will include sample identificntion information, ibe anakytical
results, and otier information ns reguired by the cusiomer.

The unalysis requested is: Americiom In Seil Samples - Alpla Spectrametry. The specific
procedurs con be found eitber on line @ hirpaVestlanlpovidecs, or in hardeepy form within
the decument entitled La-10300-M, Vol, [, Methed ANCI2S, RO,

1L Craalicy Control
The approprate guality control samples were nnalyzed with the samples.

IV, Comments :
Tmcer recovery mnged from 7 bo 33%, whach is typical of this Am procedure for 10 gmm sails
However, we will nsanalyze same of the lowsr ecovery samples =t @ later dute i tine permits,
All of the QT dota are accspiable.

| verify, o the besi of my knowledge, thas the listed resulis are both comiplets aod technically
coprect, with ihe excepiivn of tse lemis) defiled above,

Sieve Goldsizin
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Los Alamos

HATIONAL LABORATORY Tams Phil Fresguez, MEET
memorandum Fonis Steve Goldstein, Ké84
mm MoneFax  ObS-4793/665-5952

symeoc 00046135 Amen
C-ALE, B KAl

DES-ATEY, FAN QOI-0550
L=m Alpmea, Mew Mealos IT040

This 18 8 Case Mamutive lor the f|:|||-u-wi.i1.g:

Sntunisvion f0 IG5 T
Anafysis 2 Awr i Soll Somiples — Alpha Specteomaiey
E. Iniredaction

O July 29, 2000, o set of soil samples was delivensd 1o the C-ACS mifiochemistry section for
the reguested annlyss

1L Analytical ResolowMethodolugy

The annlyticn] results are presented os indiesied by the tenns on the Analytical Service
Agrezment, Each set of datn will include samipls identification information, the analytical
resulis, end other information ps required by the customer,

The analysis requested is: Americium [n Soil Samples - Alpha Spectrometry. The specific
procedine cap be found either on line @ hipatianLgovidoes, ot 1n bardeopy foom within
the decoment entitled LA-10300-M, Wal, 1, Methad ANCI2E, R0,

L. Cruslicy Coniral
The approepriate quality sontrol samiples were analyzed with the samiples.

1V, Comments

Traczr recovery ranged from 28 to 64%, which is typical of this Am procedure for 10 gram
sofls. The open (2 and blank were batched with BN 100043583 nid are listed as out of
wontrod, This is an anomaly, os this request can adsa be balched with BN 100046158 fior which
all af the QU dota are lbseed as o eantiel,

I werify, 1o the bedr af my koswledze, that the lised resalis are both complese end technically
correct, with the exception of the ilems} detailed shove.
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Loz Alumas TiliS: Phil Fresques! WS MEET

HATIONAL LABORATORY From'ME 5. R, Cancle' M5 K4R4
Memorandum Phona!FAY: 30070/4-55942
Clvemistry Diwiion Fpmbal: CIHIO-PRF-11
Respransibie Clesminry for America Dive: September 16, 2000
C8Analytical Chemisiry Sciences

Los Alomos, Mew Mexioo 37545

This is & Case Marmative for the following:

Sabwlexlon D » 100048158
Amalysis JENIIT ASEAY IN AREA & SOILS,
L. Introduetion

On Tuly 29, 2000 o set of AREA G sodls were dellvered 1o the C-9 radiochemisicy section foc the
17" analysis, as per request.

L. Amalyticsl Results/Methodalogy

The anslvijeal regulis sve presented as indbented by the terms on the Analytical Service
Apreement. Each set of dnta will include sample tdentification information, the analytical
results, nnd ather information as requised by the customer,

The analysis requested 1s: Gamsma-Ray-Emining Nuclides in Environmental Matrices - Gamma _
Spectroacopy, an Instrumental Method, The spasific procedure can be found en line &
htpeifest.lanlgovidoes, Method ANCIZE, R0,

ITL. Quality Control

The spproprate quality control samgples were analyesd with the samples.

1V, Commenis

This case narrative wis generaied to docwment the circumstnness that were imvodved with the
development if this drta package,

The soil samples were picked up st Cage 7, Bldg. 1, TA-55,

Al Labaratory Control Samples nre within C5T-9"5 statistical accepiance criterin A replicate
ertor ratio of 0.044 was caloulated hased on 'Cs replicate results,

Plesse feel free 1o call or email me if you have any questions concerming this submission,

[ werify, to the best of my knowledge, that the listed results are both complets and technically
correct, with the exception of the ftemi{s) detailed above.

Spmmy K. Oarcia
Email: gurels_s@lsnl.gov
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This is o Cose Marmtive for the following:

Snbwrission ID : IOpgga] 5%
Amalyxiv 1C8=]IT ASRAY IN AREA G SOILS
1. Introduction

O Juby 29, 2000 a set of AREA O soils were delivered to the C-9 radicchemisiry section [ar the
"*"Cs analysis, as per request

IL Amalviieal Resulis™ethodalogy

The analytical results are presented as indicated by the erma on the Analytical Service
Esch set of data will include sample idzntification information, the analviical

results, and other information &s requleed by the custamer.

The analysis requested is: Gamma-Bay-Emdning Muclides in Environmental Motrices - Gamma
Spectroscopy, an Instraments] Methed, The specific procedure can be found on line &
hittp:fiest.lanLlgovidoes, Method ANCIZE RO

I Crality Contral
Thee appropriate guality control samples were anabyzed with fe samples.
1¥. Comments

This case nasrative was generted to document the circumstances that were involved with the
developiment if this data package.
The soil samples were picked up ot Cage 7, Bldg. 1, TA-59,

All Laboratory Cantrol Samples are within C3T-9's statistioal sccepinnes criteria A replicate
error ratla of 0.0545 was caloubated.

This submission was batched with submissions 100046156 and 100046157 For QAT
purposes.
Plense feel free to call or email me il you have any questions conceming this submission.

[ verify, to the best of my knowledge, that the listed resuls are bath complete and technically
pornegl, wilki-tee, pxception of the itemis) detoiled above,
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This is o Caze Mareative for the following:

Submidssion 10 ¢ TG SE
Anwiysis ¢ P in Soil and Water Samples — Afgha Spectrometry

L. Imtroduction
O July 28, 2000, o set of soil samples was delivered to the C-% radiochemistry section, for the
requested analysis.

1. Analytical Resulis/Methodelogy

The analyiical resulis are presenied as indicated by the terms an the Analvtical Service
Agreement. Each et of dos will isclude sample identification information, the analytical
resilis, ond other Information as requined by the customer.

The analvsis requested is: Pluborivum Tn Soil and Water Samples - Alpha Spectrometry. The
specific procedure can be found eather an Bee @ hitpefesilanlgov/dees, or in handeopy foem
within the document enditled [A-10300-M, Vol, T, Methed ANCII BL.

ML Quality Contral
The apprapriste quality control samples were analyeed with the samgles.

V. Comments

Tracer recovery ranged fram 47 to 70%. Replicate dan for Pe-239 are awmside DOE eriterla,
The reason for this is unknown, and other butched replicste dats (RN 100043725} are acceptable
for Pu=23%, The ather QT data are all accepiable.

| werify, to the best of my knewledgs, thai the listed results are beth complete and technically
cormect, with the exception of the em(s) detailed shove,

Steve Cobdstein
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This b5 a Case Marative for the following:

Siebuniision [D B TR
Amafysis £ P e Seli o Water Sapples = Aipia Spectrometry
. Inrroduction

Om July 29, 2000, a set of s0il samples was delivered 1o the C-9 radiochemistry section for the
requested analyaia,

i1, Analytical ResultsMethodology

The analytical results are presented as indicabsd by the terms on the Analytical Service
Apreement. Each set of datn will include sample identification information, the analytical
results, and other information =4 required by the customer.

The analvsis reguested is; Plutonium In Soil and Water Samples - Alpha Spectrometry. The
specific procedure can be found either on line @ hitp:fiest.Jonl. govidoes, or in hardeapy form
withln the document engithed LA-10300=M, Vol. 11, Metbod ANC331, R

1. Cruality Control

The oppropriate quality contral samples were analyzed with the samples.
IV, Comments :
Tracer recovery ranged from 63 to 99%. QC dain are bateled with BN 10046673 and RN

[ 00045986, Replicsie daca for this BN are outside of contro] Timits, most Hiely duee to sumple
inhomogeniety. Replicate datn from BN 100045986 are under control. Orpen QC data from RN
100046673 are sccepable. Blank dam for this RN are out of cantrol far Pu-139, The resson for
this i unknown,

I verify, 1o the best of my knowledge, that the listed results are both complets and technicatly
comect, with the exoeptlon of the Item|s) detailed above,

2=

S1eve Linldstein
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MATIOHAL LABORATORY Tefs  Phil Fresques/MERT
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Qere 10V TTTHI

GoBL W K
SET-3298. FAN BOL-SRT
L Alpmics, Mo Mewics §T345

Thas |5 a Case Marrative for the following:

Submivelow 1D SN TR
Analyriz £ U (HPA) fn Bails
L. Introduetion

in Juby 29, 2000 & st of Sobl samgples was delivered to the C-9 mdiochemistry section far the
reqjuested analysis,

1L Anabytical Resalts/Meth

The nnalytical resualts are presented as indicated by the terms an the Analytical Servics
Apreemient. Each set of data will include sample identification information, the snalytical
resnlie, and other informadion as required by the cistomes.

The analysis requested is: Uranium in Envirenmental Matnees — KPA. The specific procedure
can be found either on line & httpoest.lanl.govidos, ar in hardcopy form within the document
entitled L= D300M, Vil 11, Method ANC3I3T, RO,

111, Quality Coniral
The uppropriste quality contred samples were analyzed with the snmples,

"IV, Comments
This case narmative was generated (o document the circumsances that were invalved with the
development if this datn package. As part of the process to infiorm our customers of potential
prablems associnted with specifie mathods, the KPA method has been found o be unreliahie in
s matrides dus to the strong susceptibility of intarference’s from constituents commonly
found in environmental samples, Alt=mate teckniques available for the analysis of LT would be
gither TCP-0S or Batople Uranfum analysis,

Sumphes were analyzed and reported, All Quality Control samples were [ Control and

reporiable. [ werify, to the best of my knowledge, that the 1isted resulis are both complete and
t=chnically correct.
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Los Alamos /Wi Phil FresquesM387

MATIONAL LABORATOREY Frem'il, Mawe Luiind M5 K434
Memorundim PleenaFAN: 601V -50E
Civeminrry [Helsion St C-900

fepaneiie Chewrisiry for Americr Dy, 1O

C-Analytical Chemastry Sciences
Lam Alnmos, Hew Mexico 57345

This Is a Case Marrative for the following:

Sachurisyiow [T¥ & JidEE S S
Awnalysis 2 U7 (EKPA) i Sails
L Introduction

Om July 29, 2000 & se1 of Soil sumples was delivered to the C-9 radiochemistry ssction for the
ru]l.l:l:d.u.n.hl}l!i.i.

1. Amslyticnl ResultaMethodabogy

The analytical resulss are presanted as indicated by the terms an the Analytical Service
Agrecment. Each set of data will nclude sample identification information, the anafytical
regulie, and odber information s required by the oustomer.

The analysis requested s Uranium [n Envirenmentad Matrices — KPA, The specific procedure
can be found either on line (& httpafestlanlgovidoes, or in hardeopy form within the document
catitled LA-10300-0, Wal. 11, Method ANC337, RLO.

1L Qality Contral
The npproprisie quality control samples were asalyzed with the samiples.

V. Comments

This case narrative was generated 1o document the ciroumstances that were involved with the
development if this dota packege. As part of the process w inform our customers of potential
problems associnted with specific methods, the KPA method has been found to be unrelioble in
some matrices doe to the strong susceptibility of inlerference’s from corstinsenis commenly
found in emvironmental samples. Allemabe techalguees available for the annkysis of LT woukd be
eithes [CP-%(8 o 1sotopic Uraniam analysis.

Incorrect mass was wsed for caleulacdons on originnl report that was reported on September 17,
2000, Results wers recalculated wsing 12 0grum mess and corveet results seported.  All Qruality
Control samples wees In Control and reportable. [ verify, 1o the best of my knowledge, that the
lissed results are both complete and technjcally carmect,
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Los Alamos

MHATIONAL LABORATORY T P, FrosqeeaBiSMERT

memorandum Froeiss 5.0, GerciKAdd
FhopeFdx  S65-00 766 4582
SEMISTRY AR SRR

Duiw:  September 29, 2004

Kubmitieion I Iof4aT 58
Anelysis: (rross Alpha and Grross Beto in Area G Sails.
L Imtrodoction

Om July 29, 2000, soil smmpkes wese dedivered to the C-9 mdiochemistny section for the
roquegied analysis

i, Anabytical ResulisMlethedology

The analytical results are presemed ns indicated by the terms on the Analytical Servics
Agreement, Each set of data wall inedisde sample [demification information, the analytcal
regalia, and other information as required by the customer,

The annkysis requesied s Gross Alpha and Beta Activity In Environmental Matrices — Gas-Flow
Proportional Coanting. The specific procedurs can be within the document entitled LA- 10300~
M, Wol. III, Meshod ANCI24, RO,

ML Cruality Contral
The appropeeate guality control samples were analyzed with the samples.

IV. Comments

This case narrative was generated 1o document the circumstances that were imvalved with the
development if this data packapge.

The sample preparabion mithid associated with the gross alpha'beta procedure bas been
modified, which may have patential effects upon the analysis of the reported sample activity,
We have incorportied the process af flaming the sample plaschet befors counting. This has been
incarporated to stabilize the mobsture content of the sample during [oag counting periods o
provide a more accurate value of the sample actovity, While the physical state of the sample has
been improved, the Naming of the planchet will kave volatized isotopes such as C3" and Te™
This may be a problem if the cusiomer i using this metbod to scoeen for these particular
satopes,

All Laboratory Control Samples are within C-9°s statistical acceptance criterla. Replicate emar
ratios (RER) of 0.035 and 0.044 was obiained for alphabeta respectively for this dats set.
Please fee] free to call or email me if you have any questions concerning this submission.

I verify, 1o the best of my knowledge, that the listed resulis are both completa and technically
carrect, with the exception of the lemis) detaled sbove.,
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Los Alamos

MATIOMNAL LABORATARY Tolds P‘.I'-“rﬂ-qn:t.'ﬁ.'EM.!-l'.‘
memorandum MromWis: 5.5 CarciaSARS
Prooaf=dy. M]-EI'.I'I].IHHEEI
CEMISTRY o AL
Owiw:  Ooioder 27, 3000
-2, WS HAR

FAT-II6E, FAN -363T
Las Awmon, New Meson 57345

Submitssion fD: PO LT RS
Analpnis: Girass Alpha and Gross Beta in Area & Soils.
L Iniroduction

Om July 2%, 2000, soil samples were delivered to the C-9 mdiochemistry section for the

1. Analytical Results™Methodology

The: analytical results are presented as indicated by the terms on the Analvtical Service
Agreemend, Each sef of data will include sample {deniification infarmation, the analytical
results, and other information & required by the customer,

ﬂwnﬂyﬁ;mquntui:'!: Cirous Alpha and Beta Activity in Environmendal Matrices - Oas-Flow
Propartional Counting, The specific procedure can be within the document entitbed LA-10300-
M, Vol 111, Method ANC324, B0,

ML Quaality Control
The appropriate quality controd samples were analyzed with the samples,

IV, Commenis

This case narrative was generated to document the circumatances thas were involved with the
development if this dota package.

The sumple preparation method associaled with the gross alpbaeta procedurs has been
midifled. which may have potential effects upon the analvsis of the reporied sample seiivity.
Wea harve incorpomezd the process of flaming the sample planchet before counting. This has been
incorparated to stabilize e molsture content of the sample during long counting periods w
provide a more accurnfe value of the sample activity, While the physical state of the sample has
been improved, the flaming of the planchet will have volatized isotopes such as Cs'" and To™,
This may be a problem if the customer 15 using this method to screen for these particulas
isotapes,

All Laboratory Cootrol Samples are within C-9's statistical acceptance criterin, Replicate srmor
ratins (RER) af 0.051 and 0,078 was abtaised for alpha'bets respectively for this data set.
Please feed free to call or email me if you have any questions concerning this submission.

[ verdfy, to the best af my keowledge, the lsted reaults afe bath camplete and eehnleally corect,
with the exception of the fem{s} detailed above,
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Thes i3 u Case Namative for the following
Swhrivsion L0 PGS
Aralysis » Goromy Craminend = Sl

L Introduetion
O July 29, 2000 & se1 of post-Cerro Grande fire soil samples were analyzed by CST-8
radiachemisiry section per request for Gross Gamma

1L Analytical ResalisMethodology

The analytical results are presented as indicated by the terms on the Annbytical Service
Agreement. Each set of data will include sample identification information, the analytical
reaslis, and other information as réquided by the cusfomes

The analysis requested is Gross Gamma procedure can be found either on line @
lttpciiest.amLgov/dacs, or in hardeopy form within the document entitled LA-10300-M, Val
1M1, Mletlsod AMCEI0, RO,

M. Cuality Contral
The appropriate quality contred samples wers anabyzed with thess samples

1%, Comments
This case narrative wis generated to document the circumstances that were imvolved with the

development of this data package

All Laboratory Contrel Samples are within CST-9%s starstical aecepiance criteria. A replicate
errar ratio of (RER) 00667 was obtained meeting the DOE-AL SOW,

T wertdy, 1o the best of my knowledge, the listed resulis are both complete and techaically corress,
with the exception of the ilem(s) detailed above
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This I3 & Case Narrative for the following:

Sibvmbision [0 [Ri46] 58
Anlpris : Fross Gamma - Soily

L. Intrnduction
O August 30, 2000 & st of sail samples were analyzed by CST-9 radiochemistry section per
reguest for Gross Qamma.

IL Anakytical Resulis/Methodalogy
The analytical results are presented as indicated by the tesms on the Analytical Service

t. Each set of data will include sample sdentification information, the analytical
resulta, gnd other information &8 required by the custemer

The enalysia requested is- Gross Gamma procedure can be found either an line @
. httprifestlanlgov/dacs, or in hardeepy form within the document entitied LA-10300-M, Vol
[, Methad ANCI30, RO

il Qualiry Contral
The appropriste quality controd samples were analyzed with thess samples

IV, Commenis
This case narrative was generated to document the circumstances that were involved with the

development of this data package.

All Laboratary Centrol Samples are within CST-5's ststistical acceptance criteria. A replicate
ermor tatin of (RER) 0.0625 was obtained meeting the DOE-AL S0OW

I verify, 10 the best of my knowledge, the listed results are both complete and technscally correct.
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This is & Casa MNarrative for the fallowing:

Snbanizsion ID: [ M046158
Amalysis: (reneric Molsture fn soll

I. Introduction
O Julby 29, 2000, a set of soil sampies was deliversd to the CST-9 mdiochemistry section for the
requesied nnalyms,

II. Analytical Resulis™Methodology

The analyiical resulis ase presented as indicated by the terms on the Analytieal Servica
Agreement. Each =25 of data will include sample identification information, the analytical
results, and ather infirmaiion s requined by the costomer,

The analysis requested is Tritlum in Environmentsl Matrices—Distillstion and Liguid
Seietillation Cousting. The specific procedure can be found zither on line &
Iitp:fest.taml.govidocs, or in hardcopy form within the document entitied LA-T0300-M, Vol
I, Method ANC3T1, R.O,

. Qmakity Conirol
The approprinte quality control samples were annlyzed with the submitied szmples.

1V,  Comments
This case narrative was penerated to document the circumstnnces that were imolved with the

development of this date package.

I verify, 1o the bast of my knowledge, that the listed results are both complete and technically
correct,
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This is o Case Narrative for the following!

Subwrixrion ID; 100046155
Amadysis: Greneric Malstire in soil

L Intreductien
O July 29, 2000, & set of soil samples was delivered to the CST-3 mdiochemisiry section for the
requeated analysis.

1. Analytical ResaltsMethodology

The smalytical results are presented as indicated by the terms on the Analytical Service
Agreement. Esch set of datn will include sample identification information, the analytical
results, and ather information as requined by the customer,

The anakysis requested 18 Tritium in Environmental Matrices—Distillation and Ligquid
Scimilistion Counting. The specific procedure can be found eitbser on line (@)
kttp:festIanl.gov/daes, or in hardeopy form within the document enfitled LA-1{0340-M, Val,
TII, Method ANCITE, RO

. Cumkity Contrul
The appropriats quality control sanples were analyzed with the submitied samples.

1%, Comments
Thiz cose narrative was generated to document the circumstances that were imvolved with the
devalopment of this date package. This submissicn was batched with submission 100046156,

100046157, and 100046 160 for QA and QC. 1 verify, 1o the best of my knowledge, that the
[isied resulis are both complete md technically comeot.
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This report has been reproduced directly from the
best available copy. It is available electronically on
the Web (http://www.doe.gov /bridge).

Copies are available for sale to U.S. Department
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